Background-Blood pressure (BP) control among coronary artery disease patients remains suboptimal in clinical practice, potentially due to gaps in treatment intensification and medication adherence. However, longitudinal studies evaluating these relationships and outcomes are limited. Methods and Results-We assessed BP trajectories among health maintenance organization patients with hypertension and incident coronary artery disease. BP trajectories were modeled over the year after coronary artery disease diagnosis, stratified by target BP goal. Treatment intensification (increase in BP therapies in the setting of an elevated BP), medication adherence (percentage of days covered with BP therapies), and outcomes (all-cause mortality, myocardial infarction, and revascularization) were evaluated in multivariable models: 9569 patients had a Ͻ140/90 mm Hg BP target and 12 861 had a Ͻ130/80 mm Hg BP target. Within each group, 4 trajectories were identified: good, borderline, improved, and poor control. After adjustment, increasing BP treatment intensity was significantly associated with better BP trajectories in both groups. Medication adherence had inconsistent effects. There were no significant differences in combined outcomes by BP trajectory, but among the diabetes and renal disease cohort, borderline control patients were less likely to have myocardial infarction (odds ratio, 0.61; 95% confidence interval, 0.40 -0.93), and good control patients were less likely to have myocardial infarction (odds ratio, 0.53; 95% confidence interval, 0.34 -0.84) or a revascularization procedure (odds ratio, 0.66; 95% confidence interval, 0.47-0.93) compared with poor control patients.
adherence may provide better understanding of the mechanisms underlying suboptimal BP control than cross-sectional assessments. Furthermore, BP trajectories may provide more accurate insights into the relationship between BP and cardiac outcomes than cross-sectional assessments. 4, 5 and may help interventions for improvement.
Therefore, in a cohort of hypertensive patients with newly diagnosed CAD, we sought to (1) describe BP trajectories in the year after CAD diagnosis, (2) evaluate the association between treatment intensification, medication adherence, and BP trajectories, and (3) assess the relationship between BP trajectories and outcomes.
WHAT IS KNOWN
• Blood pressure (BP) control among patients with coronary artery disease is suboptimal, and prior studies suggest that factors underlying suboptimal BP control include failure to intensify antihypertensive treatments and failure to adhere to these treatments. • Characterizing BP trajectories over time and their association with treatment intensification and medication adherence may provide better understanding of the mechanisms underlying suboptimal BP control and their associated outcomes than cross-sectional assessments.
WHAT THE STUDY ADDS
• In this population of health maintenance organization patients with hypertension and coronary artery disease, we identified 4 distinct SBP trajectories during the year after their initial diagnosis of coronary artery disease: good control, borderline control, improved control, and poor control. • In this population, treatment intensification of antihypertension medications but not medication adherence was consistently associated with better systolic BP control over the year after an initial coronary artery disease diagnosis. • Systolic BP trajectories did not demonstrate significant associations with a combined outcome of allcause mortality, myocardial infarction, and revascularization, but good control patients were less likely to have myocardial infarction or revascularization procedures than poor control patients, and borderline control patients were significantly less likely to have myocardial infarction than poor control patients.
Methods

Study Population and Data Collection
The study cohort comprised nonpregnant, adult patients with hypertension (HTN) who were newly diagnosed with CAD and derived from the Cardiovascular Research Network (CVRN) HTN registry ( Figure 1 ). Development of the CVRN HTN registry has been described previously. 6 In brief, patients with HTN being seen at the health maintenance organizations (HMOs) of Kaiser Permanente Colorado, Kaiser Perma-nente Northern California, and Health Partners of Minnesota from 2000 to 2007 were identified using a published algorithm. 7 From this HTN population, we then identified patients with an initial diagnosis of CAD between 2003 and 2006. We selected patients with an initial diagnosis of CAD because a CAD diagnosis can motivate efforts to improve BP control, and BP control is likely to reduce subsequent events in this population. An initial diagnosis of CAD was defined as the first occurrence of CAD, using ICD-9 or CPT-4 codes for MI, other forms of acute or chronic ischemic heart disease, or receipt of a coronary revascularization procedure (percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG)) (see Supplemental Appendix).
We further restricted the cohort to those patients with continuous health plan enrollment and pharmacy coverage for the year preceding and after the initial CAD diagnosis, with at least 1 ambulatory BP measurement recorded before the CAD diagnosis, and with at least 3 ambulatory BP measurements occurring at least 30 days apart from one another after CAD diagnosis. The study cohort was approved by the Kaiser Permanente Colorado Institutional Review Board.
Blood Pressure
BP values were obtained from each patient's electronic medical record. For this analysis, only systolic blood pressures (SBP) were used because SBP has a stronger association with outcomes than diastolic BP. 7 To avoid spuriously high values, we excluded all measurements that occurred in an inpatient setting on the day of a procedure (where BP medications may have been temporarily held) or during an emergency department visit (where pain or other emergent conditions may cause temporary elevations in BP). Target systolic SBP control was defined as Ͻ140 mm Hg and Ͻ130 mm Hg in patients with concurrent diabetes (DM) or chronic kidney disease (CKD) (estimated glomerular filtration rate Ͻ60 mL/min). 7
Medication Adherence
Medication adherence was calculated as the proportion of days covered (PDC), based on the number of days supplied of BP medication divided by the observation time interval. For patients receiving multiple BP medications, an average PDC was calculated across all medications. Patients were classified as "nonadherent" on the basis of a PDC Ͻ0.80. 8
Treatment Intensification
Treatment intensification (TI) was calculated using a standard-based method score, as characterized by Rose et al. 9 The TI score assesses the number of times that treatment intensification appropriately occurs. Calculation of the TI score is the number of observed TI minus the number of expected TI divided by the number of clinic visits over the observation period. Observed TI occurred when an antihypertensive was prescribed or a current dose increased in the 4 weeks after the occurrence of an elevated BP. Expected TI occurred when the measured SBP was elevated above the target goal. Accordingly, the TI score could range from Ϫ1 to 1, with Ϫ1 indicating no treatment intensification at any visit where the SBP was elevated, 0 indicating treatment intensification at every visit where the SBP was elevated, and 1 indicating treatment intensification at every visit regardless of the SBP level.
To account for potential clinical ambiguity in intensifying therapy when the SBP is only a few mm Hg above the target goal, we assessed for treatment intensification only when the measured SBP was 10 mm Hg or more above the JNC VII goal (ie, 140 mm Hg or more for patients with DM or renal disease, 150 mm Hg or more for all others). In addition, we allowed a grace period of 4 weeks after the measurement of an elevated SBP where intensification was not assessed to allow for the clinical scenario when providers may be waiting for any prior treatment intensification to take effect before taking further clinical action.
Outcomes
Adverse outcomes of interest were all-cause mortality, MI, or the receipt of a revascularization procedure (PCI or CABG). All-cause mortality was determined by enrollment and state death date within each HMO. MI and revascularization was determined by ICD-9 or CPT-4 codes. Outcomes were assessed beginning 1 year after the initial CAD diagnosis and continuing during the reminder of the patient follow-up period.
Statistical Analysis
The cohort was stratified by target SBP goal, as defined above. For each cohort, SBP trajectories were determined using the PROC TRAJ procedure in SAS, consistent with prior studies evaluating trajectories. 3, 10, 11 This procedure models the conditional distribution of longitudinal SBP measurements, given a discrete latent class assignment The procedure isolates distinct trajectories of SBP over time (1 for each latent class) and fits a mixture model to calculate the probability of membership in each latent class for each patient. The Bayesian information criterion (BIC) is used to determine the optimal number of trajectories and is analogous to the adjusted R 2 in that it balances model complexity and model fit, with smaller BIC values indicating a better fit. 11 We examined models based on all available SBP data during the year after CAD diagnosis. The model with 4 distinct SBP trajectory groups, based on its BIC value, appeared to provide the best balance between data fit and complexity. Patients were assigned to the group for which the probability of inclusion was the highest, and the average probability of patients being assigned to their group was Ͼ72%. As a sensitivity analysis, we also examined models with 3 and 5 SBP trajectory groups, but the fit and complexity did not improve compared with the analysis using 4 groups (data not presented).
Once the BP trajectories were determined, the relationship between BP trajectory groups, treatment intensification, and medication adherence was assessed. For each trajectory group, the TI score and medication adherence values were calculated, reported, and compared using t tests for treatment intensification and 2 tests for 
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medication adherence. Then, to assess for independent effects of treatment intensification and medication adherence, generalized logit models were constructed using BP trajectory group as the outcome. In addition to treatment intensification and medication adherence, we entered all of the demographic and clinical variables listed in Table 1 in the models. Socioeconomic stress was measured by geocoding. Those patients who lived in areas with at least 20% of households at below poverty level or at least 25% of the population with no education beyond high school were considered as having socioeconomic stress. In the cohort of patients with DM and/or renal disease, those comorbidities were also included in the model.
Finally, combined and individual outcomes (all-cause mortality, MI, and revascularization) occurring after the first anniversary of the initial CAD diagnosis were assessed for each group, reported as percentages, and compared using the log-rank method. Cox proportional hazard models were used to control for potential confounding by clinical differences between the trajectory groups. Covariates in the model included all of the demographic and clinical variables listed in Table 1 . Proportional hazards assumptions were tested using Martingale residuals.
For all analyses, SAS version 9 was used. Probability values Ͻ0.05 were considered to be statistically significant. 
Results
BP Trajectories
Our study cohort consisted of 22 430 patients with an initial CAD diagnosis between 2003 and 2006, of which 12 861 (57.3%) had either DM and/or CKD. Among the cohort without DM or CKD (no DM/CKD), 4 distinct trajectory groups were identified: good control (SBP values persistently around 120 mm Hg; nϭ3955; 41.6%), borderline control (SBP values persistently around 130 mm Hg; nϭ4633; 45.6%), improved control (initially elevated SBP values that declined to normal levels during the observation period; nϭ408; 6.3%), and poor control (SBP values persistently at or above 140 mm Hg; nϭ573; 6.5%) ( Figure 2 ).
Among the cohort with DM and/or CKD (DM/CKD), a similar distribution of trajectory groups was identified: good control (SBP values persistently around 120 mm Hg; nϭ5001; 39.7%), borderline control (SBP values persistently around 130 mm Hg; nϭ6351; 46.6%), improved control (initially elevated SBP values that declined to near-normal levels during the observation period; nϭ683; 6.8%), and poor control (SBP values persistently at or above 130 mm Hg; nϭ826; 6.9%) (Figure 3 ).
Demographic and clinical characteristics for both cohorts are displayed in Table 1 and Table 2 . Approximately three fourths of patients in both cohorts were members of Kaiser Permanente Northern California. In general, patients with good SBP control in both cohorts were younger, more likely male, and less likely to experience socioeconomic stress than patients with borderline, improved, or poor SBP control. Clinically, they were more likely to have an MI as their initial CAD event and undergo PCI. Other comorbidities were fairly evenly distributed among the various trajectory groups. Among the DM/CKD cohort, the prevalence of DM was evenly distributed among the groups, but patients with borderline, improved, or poor control of SBP were more likely to have CKD than those with good control. 
Treatment Intensification, Medication Adherence, and BP Trajectories
Among the no DM/CKD cohort, the overall TI score was Ϫ0.01, indicating that most visits with elevated SBP were associated with subsequent treatment intensification ( Table  1 ). The TI score was highest in the good control group and progressively decreased (indicating less treatment intensification in the setting of an elevated BP) in the borderline control, improved control, and poor control groups. After adjustment, increasing BP treatment intensity was significantly associated with better BP control ( Treatment intensification results were similar among the DM/CKD cohort. The overall TI score was Ϫ0.21, indicating somewhat less treatment intensification than in the no DM/ CKD cohort ( Table 2 ). The TI score was highest in the good control group and progressively decreased (indicating less intensive BP treatments) in the borderline control, improved control, and poor control groups. After adjustment, increasing BP treatment intensity was significantly associated with better BP control (Table 4 ). For each 0.1 increase in TI score (indicating more intensive BP treatment), the odds of being in the good control trajectory group, compared with the poor control group, increased by 108% (OR for good control versus poor control, 2.08; 95% CI, 2.01-2.16), whereas the odds of being in the borderline control group and improved control groups were 50% and 17%, respectively (OR for borderline control versus poor control, 1.50; 95% CI, 1.45-1.52; OR for improved control versus poor control, 1.17; 95% CI, 1.12-1.25).
In the no DM/CKD cohort, overall medication adherence values were 0.87, indicating excellent adherence (Table 1) . There was no significant difference in adherence values between trajectory groups. After adjustment, the effect of medication adherence on BP control was inconsistent ( Table 3) . Increasing medication adherence significantly increased the odds for being in the improved control group, compared with the poor control group, by 56% (OR for improved control versus poor control, 1.56; 95% CI, 1.15-2.13) but did not have significant effects on membership in either the good control or borderline control group (OR for good control versus poor control, 1.16; 95% CI, 0.94 -1.43; OR for borderline control versus poor control, 1.14; 95% CI, 0.92-1.40).
Medication adherence results were also inconsistent for the DM/CKD cohort. The overall medication adherence value was 0.86, indicating excellent adherence ( Table 2 ). The adherence values between trajectory groups were clinically similar, despite achieving statistical significance. After adjustment, increasing medication adherence significantly increased the odds of membership in the borderline control group, compared with the poor control group, by 23% (OR of borderline control versus poor control, 1.23; 95% CI, 1.03-1.46) but did not have significant effects on membership in either the good control or improved control groups (OR of good control versus poor control, 1.06; 95% CI, 0.88 -1.27; OR of improved control versus poor control, 1.25; 95% CI, 0.98 -1.57) ( Table 4 ).
BP Trajectories and Outcomes
Patients in the no DM/CKD cohort (nϭ9562)were evaluated for the combined and individual outcomes of all-cause mortality, MI, or revascularization occurring after their first year after an initial CAD diagnosis; 834 (8.8%) patients experienced an event during a mean follow-up period of 1.8 years. The event rates were lowest in the borderline control trajectory group (372 events, 8.0%), followed by the good control group (352 events, 8.9%), the improved control group (45 events, 11.0%), and the poor control group (65 events, 11.3%) ( Figure 4 ). However, after adjustment for potential confounders, there were no significant differences in combined event rates between the BP trajectory groups (HR of good control versus poor control, 1.08; 95% CI, 0.83-1.42; HR of borderline control versus poor control, 0.88; 95% CI, 0.68 -1.15; HR of improved control versus poor control, 1.05; 95% CI, 0.72-1.54) ( Figure 5 ). Analysis of individual events (all-cause mortality, MI, and revascularization) also demonstrated no significant differences between BP trajectory groups.
Patients in the DM/CKD cohort (nϭ12 849) were evaluated for the combined and individual outcomes of all-cause mortality, MI, or revascularization occurring after their first year after an initial CAD diagnosis; 1859 (14.5%) patients had an event during a mean follow-up period of 1.7 years. The event rates were lowest in the borderline control trajectory group (848 events, 13.4%), followed by the good control group (723 events, 14.5%), the poor control group (153 events, 18.5%), and the improved control group (135 events, 19.8%) ( Figure 6 ). After adjustment for potential confounders, there were no significant differences in combined event rates between the BP trajectory groups (HR of good control versus poor control, 0.98; 95% CI, 0.82-1.17; HR of borderline control versus poor control, 0.84; 95% CI, 0.71-1.00; HR of improved control versus poor control, 1.10; 95% CI, 0.88 -1.40) ( Figure 7 ). However, in the analysis of individual events (all-cause mortality, MI, and revascularization), borderline control patients, compared with poor control patients, were less likely to have an MI (OR, 0.61; 95% CI, 0.40 -0.93), and good control patients, compared with poor control patients, were less likely to have an MI (OR, 0.53; 95% CI, 0.34 -0.84) and less likely to have a revascularization procedure (OR, 0.66; 95% CI, 0.47-0.93).
Discussion
In the present population of HMO patients with HTN and CAD, we identified 4 distinct SBP trajectories during the year after their initial diagnosis of CAD: good control, borderline control, improved control, and poor control. Among these trajectories, treatment intensification of anti-HTN medications was associated with better SBP control over the year after an initial CAD diagnosis. In contrast, medication adherence had a less consistent association with SBP control. Finally, SBP trajectories did not demonstrate significant associations with a combined outcome of all-cause mortality, MI, and revascularization, but good control patients were less likely to have MIs or revascularization procedures and borderline control patients were significantly less likely to have MIs than poor control patients. These findings suggest that different patterns of SBP control exist in the year after initial CAD diagnosis, appropriate treatment intensification is associated with better control, and better control is associated with individual outcomes of MI and revascularization.
Prior studies have examined various methods of characterizing longitudinal BP patterns and outcomes, but they did not evaluate BP trajectories over time. 4, 5, 12, 13 Similarly, prior studies demonstrate associations between poor medication adherence, decreased treatment intensification, and outcomes but also did not examine BP trajectories over time. 3,14 -17 Our group has previously used a trajectory analysis to assess BP patterns over time in a single HMO and found that patients with persistently uncontrolled BP had higher rates of medication nonadherence and treatment intensification compared with those who had controlled BP. 3 This association between low treatment intensification and poor BP control is different than the findings of our prior study and may be partly explained by the more specific measure of treatment intensification used in the current study, which has been demonstrated to be superior to a more general measure. 9 In addition, we have expanded on the prior findings by evaluating the association between BP trajectories and adverse outcomes.
Our study has important implications for measurement of BP over time and for elucidating the effects of medication adherence and treatment intensification on BP control. Trajectory analysis more accurately represents the clinical reality of BP management. By linking trajectories to outcomes, our study adds credence to this approach to BP management. Furthermore, this method of BP pattern measurement can allow for a more accurate characterization of factors that impact BP control over time, allowing for more effective design of interventions to improve control. Finally, the technique of trajectory analysis has broad application to a variety of serial health measurements, such as symptoms or laboratory values, allowing for better characterization of care and research into its improvement.
Our findings suggest several next steps for investigation. First, our findings should be validated in other populations. Part of the reason why medication adherence was not significantly associated with BP trajectories may be the uniformity of high medication adherence behavior in this HMO population. Medication adherence may play a larger role in BP trajectories in patients in other populations. In addition, one reason why our overall outcome rate was not significantly associated with BP trajectories may be the relatively small numbers of events. Larger studies or studies with longer follow-up times may uncover more significant associations. Interestingly, the reduced rates of MI in the borderline control group is consistent with recent trials, such as the ACCORD study, that indicate that "tight" BP control may not be more beneficial to patients. Although we did not compare good control to borderline control groups directly, future studies should explore these patterns.
There are several limitations to our study. First, the trajectory groups provide a general trend of BP control over time and may not accurately characterize each individual's actual BP trajectory. Second, the technique we used to measure treatment intensification accounts for treatment intensification in the setting of a normal BP, which may artificially shift our mean value toward zero (indicating appropriate treatment intensification). However, we attempted to mitigate this effect by entering conditions into our multivariable models that would potentially explain the intensification of BP treatments in the setting of normal BP (eg, ␤-blocker or ACE inhibitor titration in congestive heart failure, ACE inhibitor titration in CKD). Third, patients had different numbers of BP measurements over the course of the year after their initial CAD diagnosis, which could have resulted in some imprecision in our estimates of treatment intensification. Fourth, our inclusion criteria mandated continuous enrollment and BP measurements in the HMO for at least 1 year before and after CAD diagnosis. Patients without continuous enrollment or BP measurements may be different than those enrolled, so our findings may not generalize to that population. For example, less than 10% of patients in both of our cohorts had persistently elevated SBPs during the year after CAD diagnosis, which is markedly lower than studies in other populations. Similarly, the rates of medication adher- ence in our population were 86% to 87% of days covered with a prescription, which is markedly higher than studies of other populations. Fifth, our outcomes (all-cause mortality, MI, and revascularization) were based on administrative codes, rather than chart review, which could result in misclassification. Sixth, our method of measuring adherence may underestimate rates by not identifying patients who fail to fill their first and/or second prescription. Finally, as with all observational studies, unmeasured variables may confound our primary findings regarding medication adherence and treatment intensification.
In summary, we found 4 distinct trajectories of SBP control in the year after an initial CAD diagnosis among a patient population from 3 HMOs: good, borderline, improved, and poor control. Increased treatment intensification was associated with better BP control trajectories, and better BP control trajectories were associated with fewer MIs and revascularization procedures. These findings provide evidence that BP trajectories are a useful way to characterize BP patterns over time, improve with greater treatment intensification, and are associated with improved outcomes.
